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It is well-known that word length inﬂuences adult skilled read-
ers’ eye movements (Just & Carpenter, 1980; Rayner, Sereno, & Ra-
ney, 1996). There are also systematic differences in where readers
ﬁxate a word as a function of word length (McConkie, Kerr, Reddix,
& Zola, 1988; Rayner, 1979). While there has been much research
examining word length and landing position effects in adult skilled
readers, there has been surprisingly little research into these ef-
fects in children. We therefore set out to systematically examine
both word length and landing position effects in children during
normal text reading, and to directly compare their oculomotor
behaviour in response to these manipulations with that of adults.
While monitoring eye movements is a well-established meth-
odology in the investigation of adult reading behaviour, this meth-
od of investigation has been used much less frequently with
children. Early research by Buswell (1922) and Taylor (1965) dem-
onstrated that as reading skill increases, ﬁxation duration de-
creases, saccade length increases, the number of ﬁxations
decreases, and the frequency of regressions decreases (see Rayner
(1998) for a summary). More recently, Rayner (1986) found that
beginning readers have smaller perceptual spans than proﬁcient
readers (see also Häikiö, Bertram, Hyönä, & Niemi, 2009), and
McConkie et al., 1991) reported that beginning readers were morell rights reserved.
perimental Psychology, South
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. Joseph).likely to reﬁxate words as compared to older readers (see also
Blythe et al., 2006).
While the Rayner (1986) and McConkie et al. (1991) studies
both provide important data regarding eye movement behaviour
during reading in children, neither study investigated whether
children and adults exhibit qualitatively different patterns of eye
movements when they process sentences containing a speciﬁc tar-
get word manipulation, such as word length. Indeed, very few care-
fully controlled experiments have been conducted to examine such
questions in children, especially using eye tracking methodology
(though notable exceptions are Blythe et al., 2006; Hyönä & Olson,
1995; Joseph et al., 2008).
1.1. Word length effects
Word length effects are among the most robust in the adult eye
movement literature. The probability of ﬁxating a word increases
with word length (McConkie & Rayner, 1976) and ﬁrst pass ﬁxation
times also increase as word length increases (Just & Carpenter,
1980). Much of this latter effect is due to increased reﬁxation prob-
ability on longer words (Vitu, O’Regan, & Mittau, 1990), although
word length inﬂuences reading times even when only a single ﬁx-
ation is made on a word (Rayner et al., 1996). When word length is
denied, either by removing spaces entirely or replacing them with
a mask, reading is impeded (Rayner, Fischer, & Pollatsek, 1998).
Word frequency is highly correlated with word length (Rayner
& Duffy, 1986), but even when word frequency is controlled, long
words have longer reading times, are less likely to be skipped,
and are more likely to be reﬁxated than short words (Liversedge
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reﬁxation probability are known to be modulated by linguistic pro-
cessing factors such as word frequency (McConkie, Kerr, Reddix,
Zola, & Jacobs, 1989; Rayner et al., 1996) and predictability (Balota,
Pollatsek, & Rayner, 1985); and reﬁxation probability (and initial
landing position) has also been shown to be modulated by ortho-
graphic familiarity (e.g. White & Liversedge, 2006). Consequently
in the present study word frequency, predictability and word-ini-
tial orthographic familiarity were carefully controlled for short
(four letter) and long (eight letter) target words.
To our knowledge, there has been only one study which has
investigated word length effects during text reading in children
(although see Aghababian and Nazir (2000) and Bijeljac-Babic, Mil-
logo, Farioli, and Grainger (2004) for single word reading studies
examining word length effects in children). Hyönä and Olson
(1995) recorded the eye movements of dyslexic children (mean
age = 14.4 years) and reading-age-matched controls (mean
age = 10.5 years) as they read aloud texts which contained words
of different lengths. They found a strong effect of word length in
both participant groups which was apparent in gaze durations
(the sum of ﬁrst pass ﬁxations before moving to another word)
and total word reading times (the sum of all ﬁxations on a word
including regressive ﬁxations). However, oral reading might yield
a more robust length effect than silent reading, especially if the
participant ﬁxates a word until its pronunciation is completed, as
beginning readers tend to do (Rayner & Pollatsek, 1989). In any
case, it is known that eye movements differ somewhat for reading
silently versus reading aloud (Rayner, 1998).
In addition, Hyönä and Olson did not include an adult control
group as they were primarily interested in reading performance
in the dyslexic group. In contrast, the study reported here directly
compared adults’ and children’s online processing of long versus
short words during silent reading and focused on ﬁne grain oculo-
motor behaviour. Furthermore, unlike previous studies, we used
tightly controlled experimental materials in order to ensure that
any effects observed were due to word length, rather than linguis-
tic variables known to be correlated with word length.
Following previous research, we predicted that adults and chil-
dren would both show inﬂated reading times on long, compared to
short, words. Importantly, we also predicted that the magnitude of
the word length effects (for measures such as reading times and
reﬁxation probability) would be greater in children than in adults
for two reasons: ﬁrst, due to child readers’ inexperience, they
may require a longer and/or more detailed visual sample of a word
in order to initiate and complete lexical processing, especially for
longer words for which more of the word is further from ﬁxation
and therefore visually degraded (Aghababian & Nazir, 2000). Sec-
ond, children have a less developed oculomotor system than adults
(Klein & Foerster, 2001) and they may not have as fully developed
oculomotor mechanisms for efﬁcient reading as have been pro-
posed for skilled readers (e.g. Reichle, Rayner, & Pollatsek, 2003).
For example, adults may require only partial information about a
word’s identity prior to programming a saccade to leave a word,
whereas, children may require a greater degree of visual informa-
tion about the word (and therefore may require longer and more
visual samples of the word) before making a similar commitment.
This may be especially critical for efﬁcient processing of long
words for whichmore of the word falls outside foveal vision. Hence
a developmental oculomotor approach might also predict larger
word length effects for children compared to adults.
1.2. Landing position effects
The present study also provides an opportunity to investigate
whether adults and children differ in their saccade targeting strat-
egies, speciﬁcally in terms of where words are ﬁrst ﬁxated andreﬁxated. The initial landing position on a word is the location that
the eyes initially ﬁxate after making a ﬁrst pass saccade into that
word. Rayner (1979) ﬁrst labelled the position within a word
where readers typically make their initial ﬁxation during text read-
ing as the Preferred Viewing Location (PVL). The PVL is a little to the
left of the word centre, though it tends to be nearer the centre for
short than long words (McConkie et al., 1988; Rayner, 1979).
We noted above that reﬁxation probability can be modulated by
both word length and general processing difﬁculty. The probability
of reﬁxation is also inﬂuenced by the initial ﬁxation location on a
word such that reﬁxations are more likely when initial ﬁxations
land at the beginning or end, compared to the middle, of a word.
This pattern of effects has been observed during normal text read-
ing (Rayner et al., 1996; Vitu & O’Regan, 1995; Vitu et al., 1990), as
well as with isolated words (O’Regan & Lévy-Schoen, 1987). It is
possible that reﬁxations are more common when initial ﬁxations
are at the beginnings or ends of words because these initial ﬁxa-
tions are more likely to have been mislocated (Nuthmann, Engbert,
& Kliegl, 2005), although processing difﬁculty may also play a role.
In addition, as many as 20% of reﬁxations may be pre-planned,
using word length information available parafoveally to plan two
saccades (McDonald & Shillcock, 2004).
Although the location of intra-word reﬁxations has been exam-
ined in a number of specialised tasks (see Beauvillain, Dukic, &
Vergilino, 1999; O’Regan & Lévy-Schoen, 1987; Vergilino & Beau-
villain, 2000, 2001; Vergilino-Perez, Collins, & Dore-Mazars,
2004), very little research has been undertaken on reﬁxation loca-
tions in normal reading (McConkie et al., 1989). O’Regan (1990)
and O’Regan and Lévy-Schoen (1987) argued that reﬁxation loca-
tion (as well as reﬁxation probability) is determined by the loca-
tion of the initial ﬁxation. If the initial ﬁxation is close to the
beginning of the word, then the reﬁxation will be targeted towards
the end of the word and if the initial ﬁxation is close to the end of
the word, the reﬁxation will be located closer to the beginning of
the word. Importantly, this pattern of effects has been observed
during normal text reading (McDonald & Shillcock, 2004; Rayner
et al., 1996), as well as with isolated words (O’Regan & Lévy-
Schoen, 1987).
There has been very little research investigating the location of
initial or second ﬁxations during natural reading in children.
McConkie et al. (1991) reported data from Grimes (1989), which
showed that during their ﬁrst year of reading instruction, children
show the same pattern of landing positions as adults, although full
analyses were not given. Furthermore, McConkie et al. found that,
like adults, children were more likely to reﬁxate a (ﬁve-letter)
word following an initial ﬁxation on the space before a word or
the ﬁrst letter than if the ﬁrst ﬁxation was close to the word centre.
However, these inferences were made from observing trends in the
data rather than from formal statistical analyses.
Vitu, McConkie, Kerr, and O’Regan (2001) conducted extensive
analyses using three existing data sets from text reading studies:
two data sets had eye movement data from adult readers, and
one data set contained data from child readers (mean
age = approximately 12 years). The children did not appear to dif-
fer from the adults in the locations of their ﬁrst or second ﬁxations,
although this was not tested directly. Note, however, that like the
McConkie et al. (1991) study, the stimuli used in Vitu et al.’s work
were not controlled a priori, but rather were split by word length
post-hoc. In contrast, in the current experiment the four and eight
letter target words were presented in sentences which were other-
wise identical, and target words were controlled for a number of
linguistic factors in order to eliminate the possibility of factors
other than word length inﬂuencing eye movement behaviour on
those target words.
Based on the ﬁndings from Vitu et al. and McConkie et al. sug-
gesting that there are no qualitative differences between adults
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ilar patterns of landing position effects for the children and adults
in the present study. Speciﬁcally, we predicted that children and
adults would initially ﬁxate words close to the word centre, such
that the mean initial landing position would be a greater number
of characters into the word for the long than the short words. Sec-
ond, we predicted that both adults and children would be more
likely to make a reﬁxation following an initial ﬁxation at the begin-
ning or end (as compared to the middle) of a word. Finally, we ex-
pected that initial ﬁxations on the word beginning would be more
likely to be followed by a reﬁxation toward the word end, and vice
versa.
In summary, while there has been some, limited, research
investigating word length effects on temporal and spatial aspects
of children’s eye movements during reading, until now there has
not been a comprehensive examination of children’s eye move-
ments in relation to stimuli in which word length was manipulated
a priori. Following previous research, we predicted that children
would show much larger word length effects than adults for eye
movement measures that reﬂect processing difﬁculty (reading
times and reﬁxation probabilities), due to less developed linguistic
processing or less optimal oculomotor control skills. In contrast,
we predicted that children and adults should show more similar
eye movement behaviour for measures reﬂecting basic saccade tar-
geting such as initial ﬁxation positions on words, and reﬁxation
probability and location as a function of initial landing position.
2. Method
2.1. Participants
Twenty adults and twenty children took part in the experiment.
Children were between 7 and 11 years old, with a mean age of
10 years and 4 months. It is worth noting here that additional
post-hoc comparisons showed no differences between age groups
within the group of children (split both by chronological and read-
ing age), and so although there was a large age range in the child
group, the effects observed did not appear to be modulated by
age. All participants were native English speakers with uncorrected
vision and no known reading difﬁculties. Adults were paid for their
participation at a rate of £5 per hour. The children, who received a
small gift in return for taking part, completed the Wechsler Objec-
tive Reading Dimensions (WORD; Wechsler, 1993) test which pro-
vided assessments of basic word reading, spelling and reading
comprehension. They scored highly on all three assessments, with
a mean score of 111 (standardised mean = 100, SD = 15), and had a
mean reading age of 12.2 years.1
2.2. Materials
There were 56 experimental sentences in total, 28 of which con-
tained a word length manipulation; such that the critical word was
either four or eight letters long (see sentences 1a and 1b, where
medicine and salt are the target words2:
(1a). Her brother was really mean and put some medicine in my
tea.
(1b). Her brother was really mean and put some salt in my tea.
Eight letter words were selected rather than longer words be-
cause very long words are less likely to be familiar to young read-
ers. All sentences were between 50 and 60 characters long and1 Although a longitudinal design (with the same participants tested across different
ages) would have been optimal, a cross-sectional design (comparing between groups
of different ages) was adopted for practical reasons.
2 A full list of experimental sentences can be obtained by contacting the ﬁrst
author.were not semantically related to one another. Target words were
presented either towards the beginning (50% of sentences) or to-
wards the end of the experimental sentences. All target words
were at least 20 characters from the start/end of the sentence.
Word frequencies were calculated using the CELEX English word
form corpus (Baayen, Piepenbrock, & Gulikers, 1995). There was
no difference in word frequency between long and short target
words, t (1, 27) = 1.29, p = .21. The mean frequency for long target
words was 48 counts per million (SD = 43) and the mean frequency
for short target words was 52 counts per million (SD = 49). In addi-
tion, there were no signiﬁcant differences in token or type initial
trigram frequency (either position speciﬁc or non-position speciﬁc)
between the eight and four letter (or six letter) words (all ps > .1),
and no differences in predictability between long and short target
words (t < 1.3, p > .2), as rated by ten adults who did not take part
in the main experiment.
There were a further 28 items containing a six letter word
which were used only for the initial and reﬁxation position analy-
ses. The mean word frequency of these six letter words was 79
counts per million (SD = 203). Note that although the frequency
of these items was somewhat higher than for the four and eight
letter words, evidence suggests that word frequency (Rayner
et al., 1996; Vergilino-Perez et al., 2004; White, 2008), and predict-
ability (Rayner, Binder, Ashby, & Pollatsek, 2001), do not affect ini-
tial landing position. Although linguistic variables have been
shown not to inﬂuence initial ﬁxation location, to our knowledge
no studies have so far tested the effect of word frequency or pre-
dictability on reﬁxation location. Consequently differences be-
tween the six letter and other word lengths for reﬁxation
location may be interpreted as being due to processing at or be-
yond the level of visual word length information.
2.3. Apparatus
Participants’ eye movements were monitored using a Fourward
Technologies Dual Purkinje Image eye tracker as they read sen-
tences from a computer monitor at a viewing distance of 100 cm.
Each character covered 0.19 of horizontal visual angle so that ﬁve
characters equalled one degree of visual angle. The eye tracker was
interfaced with a Pentium 4 computer, with all sentences pre-
sented on a 24 in. monitor. Sentences were presented in white in
Courier New font, on a black background. Although participants
read binocularly, only data from the movements of the right eye
were analysed.
2.4. Procedure
Participants sat in a customised chair in front of a computer
monitor. Head movements were minimised by the use of a bite
bar and forehead rests; a restraint was also secured around the
back of their head. Participants undertook a calibration procedure
during which they looked at each of three horizontal ﬁxation
points. Sentences were then presented one at a time. In addition
to the 56 experimental items, ﬁve practice items were also pre-
sented at the beginning of the experiment. To minimise the dura-
tion of the experiment (especially for the child participants) no
ﬁller sentences were used. Participants were required to read the
sentences normally and then press a button when they had ﬁn-
ished reading. Participants were asked to respond yes/no to com-
prehension questions after 20 of the sentences, distributed
randomly throughout the experiment, by pressing a button. The
comprehension questions were syntactically and semantically sim-
ple in order that young children could answer them easily. For
example, the question that followed sentence (1a) above was,
‘‘Did he put medicine in my tea?” The experimental session lasted
approximately 20 min.
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Custom-designed software was used for the data analyses. Fix-
ations were manually identiﬁed such that ﬁxations began after the
overshoot that is characteristic of the output for Dual Purkinje Im-
age eye trackers (Deubel & Bridgeman, 1995). Fixations less than
80 ms were deleted from the data set. In addition, ﬁrst ﬁxations
more than 1200 ms were deleted, as well as outliers (more than
2.5 SDs from the mean for each participant per condition). Trials
were excluded if they were not completed, or if there was tracker
loss, accounting for 18% of trials. Note that while all our partici-
pants were extremely cooperative, it is very difﬁcult to run young
children on a DPI eye tracker and it is for this reason that a compar-
atively large proportion of our data was excluded due to fatigue.
We never put pressure on participants to ﬁnish the experiment
in its entirety and it was therefore not unusual for children to stop
before completing all the trials.
The following eye movement measures were computed: ﬁrst-
ﬁxation duration (the duration of the ﬁrst ﬁxation on a target
word), gaze duration (the sum of all ﬁrst pass ﬁxations on the tar-
get word), reﬁxation probability (the probability of making an
additional ﬁrst pass ﬁxation within the word before leaving it),
and total reading time (the sum of all ﬁxations on a target word
including regressive ﬁxations).
3. Results
All participants scored 75% or higher on the comprehension
questions which followed 19 of the experimental sentences.
Though the difference in scores between adults and children was
signiﬁcant, t (19) = 3.39, p < .005, the overall high mean scores for
both adults (98%) and children (92%) indicates that neither group
of participants had difﬁculty understanding the sentences.
3.1. Global measures
We ﬁrst conducted global analyses in order to make general
comparisons between the oculomotor behaviour of adults and chil-
dren during reading, independent of the manipulations employed
in the experiment. Table 1 shows that children made shorter sac-
cades, longer ﬁxations, more regressions and had longer total sen-
tence reading times than adults, consistent with previous research
(Blythe et al., 2006; McConkie et al., 1991; Rayner, 1986). All of the
differences between the children and adults were signiﬁcant (all
ps 6 .01), except for saccade length in which the difference was
reliable by items (p < .001) but not by participants (p = .2).
3.2. Word length analyses
The data from 28 sentences, including the four or eight letter
long target words (14 per participant per condition) were analysed
using 2(group: adults, children)  2(word length: long, short)
mixed design Analyses of Variance (ANOVAs) based on participants
(F1) and items (F2) variability.
Table 2 shows the mean reading times and ﬁxation probabili-
ties for adults and children on all target words. There was a reli-
able effect of length on the probability of word skipping, withTable 1
Global reading time measures, mean saccade length and proportion of regressions for
adults and children. Standard deviations is parentheses.
Adults Children
Saccade length (characters) 8.2 (5.6) 7.6 (6.7)
Fixation duration (ms) 235 (104) 283 (141)
Total sentence reading time (ms) 2932 (1038) 5381 (2232)
Proportion of regressions 0.22 (0.09) 0.29 (0.04)readers skipping short words (0.29) more than long words
(0.08), F1 (1, 38) = 111, p < .001; F2 (1, 27) = 48.89, p < .001. There
was an effect of group, reliable by items (F2 (1, 27) = 5.15, p < .05),
but not by participants (F1 < 1.3, p > .2), and there was no reliable
interaction (Fs < 2.7, ps > .1). Overall, both adults and children
skipped short words more than long words, and at least numeri-
cally, adults’ skipping rates were increased relative to the
children.
There was no effect of word length on the duration of the ﬁrst
ﬁxation on the critical word (Fs < 1.3, ps > .2). Adults’ ﬁrst ﬁxations
were signiﬁcantly shorter (46 ms) than those of children overall, F1
(1, 38) = 16.72, p < .001; F2 (1, 27) = 55.29, p < .001, and there was
no interaction between group and word length (Fs < 1).
As predicted, there was a highly signiﬁcant effect of word length
on gaze durations, F1 (1, 38) = 21.47, p < .001; F2 (1, 27) = 18.71,
p < .001, and adults exhibited longer gaze durations overall, F1
(1, 38) = 18.79, p < .001; F2 (1, 27) = 150, p < .001. There was also
a signiﬁcant interaction between group and word length, F1
(1, 38) = 12.82, p < .005; F2 (1, 27) = 12.05, p < .005. Pairwise analy-
ses showed that although adult participants had numerically long-
er (16 ms) gaze durations on long than on short words, this
difference was not signiﬁcant (ts < 1.4, ps > .2). Children, however,
did gaze signiﬁcantly longer (88 ms) at long than short words, t1
(1, 19) = 4.49, p < .001; t2 (1, 27) = 4.54, p < .001, showing that chil-
dren exhibited a more marked difference in their gaze durations on
long than short words, and that this was more robust than that for
adults.
Consistent with the null effects in ﬁrst ﬁxation durations and
signiﬁcant differences in gaze durations, there was also a reliable
effect of word length on the probability of making one or more in-
tra-word ﬁrst pass reﬁxations, F1 (1, 38) = 34.2, p < .001; F2
(1, 27) = 23.94, p < .001, as well as an effect of group, F1
(1, 38) = 6.28, p < .05; F2 (1, 27) = 16.57, p < .001, with children
making more reﬁxations overall (29%) than adults (18%). There
was also a reliable interaction, F1 (1, 38) = 5.53, p < .05; F2
(1, 27) = 5.80, p < .05 between word length and group. Pairwise
analyses indicated that both adults, t1 (19) = 3.26, p < .005; t2
(27) = 2.80, p < .01, and children, t1 (19) = 4.86, p < .001; t2
(27) = 4.63, p < .001, showed word length effects on their reﬁxation
probabilities. However, this effect was stronger for children than
adults.
Finally, participants spent longer ﬁxating long as compared to
short words overall, as shown by total word reading time, F1
(1, 38) = 20.2, p < .001; F2 (1, 27) = 10.24, p < .005. Consistent with
earlier measures, adults spent less time ﬁxating words in total as
compared to children, F1 (1, 38) = 29.9, p < .001; F2 (1, 27) = 353,
p < .001. There was no signiﬁcant interaction between group and
condition (Fs < 2.6; ps > .1).
To summarise, both adults and children skipped short words
more than long words, and made signiﬁcantly more reﬁxations
on long than short words. For both gaze durations and reﬁxation
probability, the magnitude of the word length effect was greater
for children than adults.
3.3. Initial ﬁxation and reﬁxation positions
For the landing position analyses, data for target words in all 56
experimental items were analysed. Of these items, for each partic-
ipant, 14 contained four letter words, 28 contained six letter
words, and 14 contained eight letter words. Initial landing position,
the probability of making a reﬁxation as a function of initial land-
ing position, and location of reﬁxations as a function of initial land-
ing position were calculated.
Table 3 shows the mean landing positions for adult and children
on four, six, and eight letter words. In addition, Fig. 1 shows land-
ing position distributions for adults and children for each of the
Table 2
Means and standard deviations (in parentheses) of eye movement measures for adults and children on long and short words.
First ﬁxation duration (ms) Gaze duration (ms) Probability of skipping Probability of reﬁxating Total reading time (ms)
Adults Long 234 (77) 280 (114) 0.08 (0.14) 0.23 (0.16) 335 (151)
Short 240 (78) 264 (99) 0.32 (0.13) 0.12 (0.12) 288 (130)
Children Long 288 (107) 438 (238) 0.08 (0.11) 0.41 (0.24) 663 (402)
Short 298 (117) 350 (175) 0.25 (0.12) 0.17 (0.16) 588 (404)
Table 3
Mean landing positions (characters) on four letter, six letter and eight letter words for
adults and children. Standard deviations in parentheses.
Four letters Six letters Eight letters
Adults 2.21 (1.30) 2.94 (1.80) 2.97 (2.08)
Children 2.00 (1.38) 2.73 (1.73) 3.39 (2.15)
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Fig. 1. Mean initial landing positions of adults and children on eight- (top panel),
six- (middle panel) and four- (bottom panel) letter words.
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words)  2(group: adults, children) mixed design Analysis of
Covariance (ANCOVA) was conducted. Launch site was entered as
a covariate as it has been shown to inﬂuence initial landing posi-
tion (McConkie et al., 1988). Because the six letter words were
not a within-item variable, and because there were higher levels
of word skipping and fewer reﬁxations on four letter words result-
ing in fewer data points per cell, only F1 analyses were carried out
for all word lengths. There was a reliable effect of word length on
initial landing position: consistent with previous research (Rayner,1979), landing positions were further into a word as length in-
creased, F (2, 75) = 20.98.1, p < .001. There was no effect of group
(ps > .5). There was a marginal interaction between word length
and group, F (2, 75) = 2.84, p = .065, but Table 3 shows that the dif-
ferences between adults and children were very small for all word
lengths: less than half a character in all cases.
Overall, the results replicate previous research which has
shown that adults make saccades further into a word the longer
it is (e.g. McConkie et al., 1988; Rayner, 1979). They also support
ﬁndings that children, as well as adults target their saccades to-
wards the word centre during reading (McConkie et al., 1991; Vitu
et al., 2001).
As reported in the previous section, word length and group
inﬂuenced the probability of reﬁxation, with more reﬁxations
being made by children than adults, and more reﬁxations being
made on long, compared to shorter, words. There was a reliable ef-
fect of word length on the probability of making a reﬁxation, F
(2, 92) = 3.33, p < .05: readers made signiﬁcantly more reﬁxations
on eight- compared to six-letter words, t (39) = 4.05, p < .001; on
six- compared with four-letter words, t (39) = 2.90, p < .01; and
on eight- compared with four-letter words, t (39) = 5.56, p < .001.
There was a main effect of group, F1 (1, 92) = 11.55, p < .005; F2
(1, 37) = 9.67, p < .005, with children making more reﬁxations
overall as compared to adults.
The probability of making a reﬁxation as a function of initial
landing position was also examined. In order to enable us to carry
out these analyses (i.e. to have enough data in each condition) we
categorised each initial landing position for each word length as
falling at the beginning, middle or end of a word. This was quite
straightforward for the eight letter words, as when the space be-
fore the word was included; there were nine possible landing posi-
tions which fell neatly into three categories. Categorising the
landing positions for four and six letter words was more problem-
atic, however, and for this reason we conducted two sets of analy-
ses for each word length in which the categorisation of landing
positions was different. For six letter words, in the ﬁrst set of anal-
yses, the beginning was categorised as letter positions 0 and 1, the
middle as 2, 3 and 4, and the end as 5 and 6; and in the second set
of analyses the beginning category encompassed letters 0, 1 and 2,
the middle encompassed letters 3 and 4, and the end encompassed
letters 5 and 6. For the four letter words, in the ﬁrst set of analyses
the beginning was categorised as letter position 0, the middle as 1,
2, and 3, and the end as letter 4; and in the second set of analyses
the beginning category encompassed letters 0 and 1, the middle
encompassed letters 2 and 3, and the end encompassed letter 4.
There was no difference in the results for these two sets of analyses
and so only the ﬁrst set are reported here. Note that the proportion
of data in each category was not equal: participants (there were no
differences between adults and children) ﬁxated the ‘beginning’ on
28% of occasions, the middle category on 56% of occasions, and the
end category on 16% of occasions.
Table 4 shows the reﬁxation probabilities for adults and chil-
dren for each word length as a function of initial landing position.
A 3(landing position: beginning, middle or end)  3(word length:
eight, six and four letters)  2(group: adults and children) mixed
design ANOVA (with Greenhouse-Geisser correction) showed a
Table 4
Reﬁxation probabilities as a function of initial landing position (beginning, middle or end of a worda) for four letter, six letter and eight letter words for adults and children.
Four letter words Six letter words Eight letter words
Beginning Middle End Beginning Middle End Beginning Middle End
Adults 0.19 0.09 0.19 0.31 0.06 0.13 0.42 0.06 0.1
Children 0.27 0.12 0.19 0.39 0.25 0.33 0.56 0.28 0.49
a For eight letter words, beginning = characters 0, 1, 2; middle = characters 3, 4, 5; end = characters 6, 7, 8. For six letter words, beginning = characters 0, 1; mid-
dle = characters 2, 3, 4; end = characters 5, 6. For four letter words, beginning = character 0; middle = characters 1, 2, 3; end = character 4.
H.S.S.L. Joseph et al. / Vision Research 49 (2009) 2078–2086 2083reliable effect of landing position, F (1.8, 18) = 8.54, p < .001: read-
ers made more reﬁxations following initial ﬁxations at the begin-
ning as compared to the middle of a word, t (39) = 4.60, p < .001,
and at the end as compared to the middle of the word, t
(39) = 2.34, p < .05, but only marginally more reﬁxations at the
beginning compared to the end of a word, t (39) = 1.91, p = .06.
There were no reliable interactions between landing position, word
length or group (ps > .1), showing that adults and children did not
differ in the probability of making a reﬁxation as a function of ini-
tial landing position. These results were in line with predictions, as
well as with previous research (Rayner et al., 1996) and are illus-
trated for each word length in Fig. 2.
Finally, we examined the direction of reﬁxation saccades, and
the location of those reﬁxations. Speciﬁcally, for cases in which
there were multiple ﬁrst pass ﬁxations, we calculated whether par-
ticipants made a progressive (i.e. rightward) or regressive (i.e. left-
ward) saccade to reﬁxate a word following an initial ﬁxation.0.00
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Fig. 2. Probability of making a reﬁxation as a function of initial landing position for
adults and children on eight- (left panel), six- (middle panel), and four- (right panel)
letter words.Analyses were undertaken on the probability of making a regres-
sive reﬁxation using a 3(word length: four, six and eight let-
ters)  2(group: adults and children) mixed design ANOVA. Table
5 shows the proportion of progressive versus regressive intra-word
saccades for adults and children on all word lengths.
There was no signiﬁcant difference in the proportion of regres-
sive versus progressive reﬁxation saccades between adults and
children across word lengths (p > .6), although Table 5 shows that
children made numerically more regressive saccades than adults.
However, there was an effect of length on the proportion of regres-
sive versus progressive reﬁxations, F (2, 72) = 3.04, p = .05. Both
adults and children made relatively fewer regressive reﬁxation sac-
cades as word length increased. Finally, there was no interaction
between word length and group (p > .6).
Fig. 3 provides a graphical description of where adults and chil-
dren located their reﬁxations relative to their ﬁrst ﬁxations (note
that we were unable to conduct statistical analyses on these data
due to insufﬁcient data points). Fig. 3 illustrates that adults exhib-
ited quite a clear pattern of reﬁxations in all word lengths, and par-
ticularly in the six and eight letter words. Adults tended to ﬁxate
the beginning of the word and then reﬁxate the end of the word.
Children, however, appear to have made a larger proportion of
shorter saccades from the beginning to the middle, from the mid-
dle to the beginning, or from the end to the middle of a word. Anal-
yses of saccade length further conﬁrm this observation (see Table
5). In line with previous research (Rayner, 1986), children’s with-
in-word saccades were shorter (2.87 characters) than adults
(3.71 characters) overall, F (1, 22) = 12.57, p < .005, and saccade
length decreased as word length decreased, F (1.5, 44) = 12.13,
p < .001 (with Greenhouse-Geisser correction). There was no inter-
action between word length and group (ps > .3).4. Discussion
Oculomotor behaviour can provide valuable insights into the
online visual and linguistic processing that takes place during
reading. It is well-documented that adults exhibit reliable differ-
ences in their eye movements when reading long as compared to
short words (Rayner & McConkie, 1976; Rayner et al., 1996). In
the experiment reported here, we directly compared children’s
and adults’ eye movements as they silently read sentences contain-
ing long and short target words. We found, in concordance with
previous research, that adults’ eye movements were signiﬁcantly
inﬂuenced by word length, even when linguistic factors (speciﬁ-
cally word frequency and predictability) were controlled for.
Adults showed both ﬁrst pass and later effects of word length
and were more likely to skip, and less likely to reﬁxate, a short
as compared to a long word. We know from previous research
using a disappearing text paradigm (Blythe, Liversedge, Joseph,
White, & Rayner, 2009; Liversedge et al., 2004) that reﬁxations
are not always necessary for efﬁcient reading in adults. Neverthe-
less, the present study shows that when the visual information is
present, longer words do encourage more reﬁxations, providing a
strong argument that word length is a visual factor which in itself
modulates reﬁxation probability. Hence, reﬁxation behaviour is
Table 5
Probability of making a progressive or regressive reﬁxation, and mean intra-word saccade length on eight-letter, six-letter and four-letter words for adults and children. Standard
deviations are in parentheses.
Four letters Six letters Eight letters
Adults Children Adults Children Adults Children
Progressive 0.45 0.485 0.72 0.55 0.88 0.65
Regressive 0.55 0.52 0.28 0.45 0.12 0.35
Saccade length 2.68 (1.17) 2.48 (1.24) 3.87 (1.57) 3.06 (1.48) 4.82 (1.62) 3.54 (1.47)
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Fig. 3. Destination of reﬁxations as a function of landing position of initial ﬁxations on 8-letter (top row), 6-letter (middle row) and 4-letter (bottom row) words for adults
(left) and children (right).
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factors such as word frequency.
The main focus of the present study was to establish whether
children showed similar effects of word length on oculomotor
behaviour compared to adults. While word length effects have
been found in oral reading in older children (Hyönä and Olson
(1995), these effects have not yet been shown for critical words
presented in carefully controlled, silently read, sentences, or for
younger children. In line with our predictions, we found that chil-
dren exhibited strong effects of word length in gaze durations and
reﬁxation probabilities. Furthermore, the effects of word length
were larger for children compared to adults, such that children
were relatively slower to process longer words than adults. As sug-
gested in Section 1, there are at least two possible explanations for
this. First, longer words will necessarily have more letters availablein more visually degraded vision. Given child readers’ inexperi-
ence, they may require a longer and/or more detailed visual sample
of a word in order to initiate and complete lexical processing.
Hence the longer words may be particularly difﬁcult for children
to process, resulting in an increased length and number of ﬁxations
on long words.
An alternative possibility is that the longer ﬁxation durations
and higher reﬁxation probabilities may be caused by children
requiring very detailed visual information about a word prior to
initiating a saccade to leave that word (and ﬁxate a new word).
More skilled readers, in contrast, may begin programming a sac-
cade when word identiﬁcation is not yet complete, committing
to make such saccades based only on partial information (Reichle
et al., 2003). This in turn may lead to shortened ﬁxations and re-
duce the likelihood of unnecessarily reﬁxating words. In contrast,
H.S.S.L. Joseph et al. / Vision Research 49 (2009) 2078–2086 2085children may not have developed this skill, and may be more likely
to reﬁxate words if the decision to leave a word is based on a more
conservative measure of completion of word processing, such as
full lexical identiﬁcation. Reaching such a stage may be especially
time consuming for long words as they need to be processed in
visually degraded vision, hence word length effects are larger for
children than adults.
Importantly, we know from recent research (Blythe et al., 2009)
that children, as well as adults, can efﬁciently read six letter words
which disappear after as little as 40 ms without reﬁxating them.
However, the results from the current experiment suggest that
for longer words, certainly for those words which are visually
available as in normal text reading, children do make many more
reﬁxations than adults.
Note that the effect of word length on adults’ gaze durations
was small (16 ms) and not signiﬁcant. Hence the difference in
reading times between adults and children may have been exacer-
bated by differences in text difﬁculty between the two groups,
indicating that processing difﬁculty may also have a role in modu-
lating word length effects during reading. Although it was impor-
tant to use the same stimuli with both groups of participants, in
order that direct comparisons between their eye movement behav-
iour could be made, this necessarily meant that our adult group
would ﬁnd the sentences easier to process than our child group.
This, together with the fact that the ‘long’ words were only eight
letters may have accounted for the lack of reliable effects in gaze
durations in the adult group.
We also found that both children and adults were more likely to
skip short words as compared to long words. There are several pos-
sible explanations for how word length might be used to inﬂuence
the probability of a word being ﬁxated (Brysbaert, Drieghe, & Vitu,
2005; Brysbaert & Vitu, 1998): (1) as noted by Brysbaert et al.,
2005 even a ‘‘blind saccade selection strategy” for which saccade
lengths were randomly selected would predict that short words
would be skipped more often than long words, (2) parafoveal pro-
cessing of word length could be used with a basic mechanism, such
as one that simply targeted the longest word (Reilly & O’Regan,
1998), and (3) Word length effects on skipping might also be ex-
plained by parafoveal linguistic processing of words (cf. Brysbaert
& Vitu, 1998; Reichle, Pollatsek, Fisher, & Rayner, 1998). Impor-
tantly, although the present study demonstrates that word length
inﬂuences word skipping for both adults and children, it could be
that each group may use quite different mechanisms to produce
this outcome.
We also examined initial landing position distributions on four,
six and eight letter words. We found that adults and children did
not differ in their ﬁxation locations on all word lengths, in line with
predictions, and consistent with previous adult studies (McConkie
et al., 1988; Rayner, 1979). While previous research has indicated
that children target their saccades towards the word centre during
reading (McConkie et al., 1991), the present study provides the ﬁrst
robust evidence, using well controlled materials, that children and
adults are alike in their saccadic targeting across different word
lengths, and that landing position distributions change relative to
word length in children as well as adults. Critically, (in contrast
to the effects of word length on word skipping), the effects of word
length on initial landing position provide strong evidence that both
adults and children do process word length information in parafo-
veal vision, and that this inﬂuences their saccade programmes. Fur-
thermore, these data provide empirical support for Reichle and
Laurent’s (Reichle & Laurent, 2006) reinforcement learning model
in which ‘‘intelligent” eye movements, including ﬁxating close to
the word centre, emerge quite quickly during learning.
Reﬁxation probability as a function of initial landing position
was also examined. While both adults and children were more
likely to reﬁxate a word if their initial ﬁxation was away fromthe word centre (i.e. at the beginning or end of the word), and
while children made more reﬁxations overall as compared to
adults, there was no reliable interaction between group and the
probability of making a reﬁxation as a function of landing posi-
tion. This result shows that both adults and children make early
decisions regarding intra-word reﬁxations, either on the basis of
initial ﬁxation location, or perhaps even earlier while program-
ming their initial saccade to a word (McDonald & Vergilino-Perez,
2006). Note that there may also be differences in language pro-
cessing between adults and children that account for reﬁxation
and skipping behaviours, for example, in their capacity to use pre-
dictability information to lexically identify a word thereby elimi-
nating the need to reﬁxate it, or enabling a reader to skip it
entirely.
We also investigated the size and direction of reﬁxation sac-
cades. Previous research (Blythe et al., 2006; McConkie et al.,
1991; Rayner, 1986), has shown that adults make longer saccades
than children overall. The current study speciﬁcally examined
within-word reﬁxation saccades and found that they too are short-
er in children than adults. This may be explained by the fact that
the amount of letter information that is available during a ﬁxation
increases with age (Häikiö et al., 2009). Both adults and children
made relatively fewer regressive reﬁxation saccades as word
length increased, perhaps because, in relation to the word centre,
the initial ﬁxation on a word tended to be further into the word
for short than long words.
Overall, this study provides the ﬁrst investigation of the effects
of word length on children’s eye movement behaviour when other
variables were carefully controlled. The experiment reported here
also shows that even when linguistic factors are held constant,
the length of a word reliably inﬂuences both the location and dura-
tion of ﬁrst pass ﬁxations in children as well as in adults during
normal text reading. Children, like adults, are able to use parafo-
veal visual information to guide their saccades during reading.
Word length information also inﬂuences both initial ﬁxation posi-
tions and reﬁxation positions in children.Acknowledgments
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